demonstrated that the maximal tension produced by glycerol-extracted rabbit psoas muscle fibers was essentially equivalent to that of living muscle.It has also been reported that the other mechanical features of the muscle model,for example,maximal shortening,speed of shortening, temperature dependence of tension development,elastic properties,mechanical efficiency and so on are quantitatively similar to those of living muscle (WEBER and PORTZEHL,1954) .
On the other hand,many attempts to analyse the mechanical properties of the living muscle have lead to the conclusion that the muscle fiber behaves like high elastic substances or some types of visco-elastic models (LENIN and WYMAN; WINTON,1936; HILL,1951; REICHEL,1952) . BUCHTHAL and KAISER (1951) introduced the concepts of rheology into the muscle physiology,and recently, MACHIN et al.(1959 MACHIN et al.( ,1960 MACHIN et al.( ,1962 have succeeded in analysing the mechanical properties of the beetle muscle into viscous and elastic elements.
The purpose of this work is to obtain the detailed information on the visco-elastic properties of glycerol-extracted muscle fibers during contraction and relaxation,and thereby to find out some clue to the mode of contractile system.
METHODS
The glycerol-extracted muscle fibers were prepared after SZENT-GYORGYI'S method (1949 Both sinusoidal and transient methods were applied to this study.The principles of analyses of both types were explained in detail by MACHIN and PRINGLE(1960) . Main experimental equipment is illustrated in FIG.1 .The muscle fibers(m)were laid horizontally in the bath of 15 ml in volume.One end of fibers was tied by a thread to the vibrator(V)and the other end to the mechano-electric transducer(RCA 5734)(T)which is fixed to the micromanipulator(M).The vibrator was a common ink writing penmotor,and it was set so as to move in the longitudinal direction of muscle fibers.Its resonant frequency was 50c/sec.The output of the AC oscillator (AC)was adjusted so that the amplitude of vibration could be kept constant in the range of frequencies between 20c/sec and 200c/sec.The highest frequency was limited by the mechanical input impedance of the transducer,and the lowest was limited by the performance of the oscillator.Lower frequencies under 20c/sec were generated by a mechanical device of a pulley similar to the method of PIEPER et al.(1951) . When the transient method was applied,the AC oscillator was replaced by a square pulse generator.
The sinusoidal change in length was measured by a phototube(P),and the sinusoidal change in tension by the RCA 5734.In order to complete the penetration of ATP into the fibers,the bundle should be as possible as thin (HASSELBACH,1952) . A light glass shaft of 8 mm in length was attached to the apex of the 5734 tube so that it might be sufficient to detect the small tension developed by a thin bundle of fibers.The resonant frequency of modified transducer was 1000c/sec.The inertia of the moving coil of vibrator was fairly large.The force,exerted by an oscillator, necessary to move the vibrator was far larger than the force developed by muscle fibers,therefore the movement of the vibrator was not be affected whether muscle fibers were contracted or relaxed. (1)
Here,equations (1)and (2)can be fitted to the Voigt model and equations (3) and (4) with the yielding area,the maginude of stiffness and its difference between contracted and relaxed muscle.
The time course of decay of tension after quick stretch was followed for one second (FIG.7,C and D).The tension declines suddenly in 30 or 50 msec and hereafter rather slowly,but never returns to the initial level within a second or so.The secondary course is exponential,and the time constant is 1.2 or 2.0 sec with the contracted muscle (FIG.7,C) and about 10 sec with the relaxed muscle (FIG.7,D) .
DISCUSSION
As REICHEL(1958) pointed out,the visco-elastic properties of the muscle during contraction could be measured only when the change in length was applied so quickly that the contraction remained constant throughout.Such a condition would be always satisfied as far as glycerol-extracted fibers are concerned.
The glycerol-extracted muscle fibers are easily yielded by the change in length beyond 1.5% of L0.Its elastic limit is lower than that of living muscle.
The difference would not be necessarily attributed to the properties of contractile substances but of sarcolemma,because the sarcolemma plays a considerable role in visco-elastic properties of living muscle (RAMSEY and STREET,1940 BUCHTHAL and WEIS-FOGH,1956) . REICHEL(1960) investigated the changes in dynamic stiffness during a single twitch of tortoise muscle.According to him,the ratio of stiffness to tension during contraction was consistent with the ratio during relaxation or passive stretch.The same method,as shown in FIG.2 ,could be applied to the glycerol-extracted muscle.Although it takes some times for ATP or other salts to penetrate completely into the interior fibrils of glycerol-extracted muscle (HASSELBACH,1952) ,the tangent of stiffness-tension curve during contraction or relaxation is almost equal to each other (FIG.3) sudden stretch (FIG.7) .The mass seems not to be negligible especially in a relaxed muscle and in the range of high frequencies.Further investigations would be needed for the determination of the exact values of elastic modulus and viscosity.
The tension developed by quick stretch decays exponentially (FIG.7,C,D) , and the time constant of tension fall is 1.2 or 2.0 sec in a contracted muscle, and about 10 sec in a relaxed muscle.These facts indicate the muscle has a system with a large relaxation time in addition to the system obtained by sinusoidal analysis. EDMAN(1959) investigated the time course of tension fall after quick stretch in glycerol-extracted muscle,and showed that its half decay time was about 4 sec. BUCHTHAL and KAISER(1951) also showed two kinds of systems whose time constants were quite different from each other.WEBER (after REICHEL,1952) suggested that the time course of length change after sudden loading would be of two types,namely,Momentandehnung und Nachdehnung,and each of them were carried out independently.Our results support his concepts.According to MASHIMA and MATSUMURA(1960) there are two processes or elements in a contractile system of frog skeletal muscle,one of which contracts strongly and quickly whereas the other rather weakly and slowly.It would be plausible that there are two kinds of contractile systems possessed of different visco-elastic properties. The elastic modulus and viscosity measured here do not concern with the series elastic component only described by HILL(1953) 
